Rel en'ed / () .JamUlt:'v J 991), accepted alter rn:I.\·/Ot) 2 .ltl~\, /999
Introduction
Drastic spatial changes in the morph-frequencies of adjacent populations have been reported in several species of land snails (LzlIllOUe 1959; O\ven 1965 : Clarke 1968 : Jones 1973 : Cowie 1984a Explanations of these distributions invoked genetic sampling urin (Goodhart 1963 : Hickson 1972 , the founder process (Mayr 1963) and natural selection either by the external environment (Cain & Sheppard 1954 : Cain & Currey 1968 or by the internal environment (Clarke 1968: for a revie\v. see Jones, Leith & Rawlings 1977). Due to prolonged periods of drought in some years and the land-clearing activities by humans, populations of the arboreal snail Silo/a i(!nynsi (Pfr.) undergo considerable reuuctions in numbers (Kasig\\'a 1975) , idea! situations for the occurrence of genetic drift There is also evidence to suggest that the snai I, through the agency of the annual fires. is being reduced into founder stocks centred on the· island' thickets which survive the fires; an island thicket is equivalent to a deme -an effectively panmiclic aggregation of organisms which is spatially discrete and lasts for at least one hreeding season. Assuming the population was originally genetically homogeneous. subsequent heritable uifferences between the progeny of different demes \\-'ill depend mostly on random genetic dri fl, genic and gametic combination events intrinsic in each deme. the selective environment and the duration of inter-isolation preceding deme conjunction.
This article documents the uispersion of Silo/a jen.vns/ at presumed maXlillUITI disperSion rates. and the extrinsic factors influencing the dispersion. Then it asks whether. given maximum dispersion rates. founder populations inter-isolated by small distances. could remain isolated long enough to undergo genetic divergence before dispersion-faci I itated gene-flow sets in. In thiS account dispersion is used in I:he sense of Platnick (1976) 7001. 1999.34(4) 
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s. Afr . .I. 1-001. 1999,34(4) Table I .
Effects of plant habit. floristic composition and weather on snail dispersion
The Quadratic mean and the Diffusion Coefficient were applied to express the dispersion data. In the quadratic mean (or root mean square) dispersion (D) equa Is 2 -Jr (Id 2 )/N], \\'here d is the linear distance between the release point and the recapture point of an animal and N· is the number of animals recaptured (Clark 1(62). Generally, the chance of encountering a dispersing animal decreases the farther one searches from the point of release. For animals in the same release, those wh ich disperse in the vicinity of the release point have a higher probability of being discovered in comparison with their faster moving counterparts. Should dispersion tend tmvards a normal distribution (see Figure 2 ) the arithmetic mean (x ) would fall left of the actual mean because the former statistic ignores the disparate chances of snail discovery in the dispersion range. A correction for the undiscovered animals. most of which occur in the periphery of the di<;persion range, is contained in the quadratic mean (D). This measure of central tendency usually exceeds the arithmetic mean and is an efficient estimator of dispersion rates. The Diffusion Coefficient (J.2/(2t) is the variance of dispersion distances divided by t\Vlce the disperSIOn time. The time variable in the divisor reduces the dispersion variance and produces near constant results regardless of occasional spuriousness and duration of release.
Results
It was logistically impossible to measure the performance of all the releases on the same days. The D-values obtained are presented in Figures 3 and 4 and the Diffusion Coefficients In Table 2 .
The snails of I Rand 2R originated from the same Mosque population and were released dUring the April rainy month at Table I the University CI able I). Whereas the release on a lawn (I R) attained a D-value of 9.0 m within a week, the release on shrubs (2 R) managed some 3 m in the first week and just 5 m by day 14 ( Figures 3 & 4) ; the two dispersion rates differ significantly at p . Table  2 ). ljoth lVivrkhamia ::an::ibarica and Banamia parana ides are not edible to S. Jenynsi; the snails actively move away from inedible plant species (Kasigwa 1991).
As for the effects of the weather, the relevant releases are snails from the University Mosque population released on the S Afr, J. Lool. 1999,J4(4) Table 1 same site of a lawn during the ramy weather (I R) and the dry \veather (10, in Table I Table 2 ).
Population characteristics and snail dispersion
A comparison of I R (the rainy season release on University lawn) with JR (the rainy season release on Wazo lawn) reveals constantly higher dispersion rates by IR (Figure 3 adopted a higher overall Oif. Coer (0.460 m 2 per week), thus dispersing faster than the snails from the Wazo population (Table 2) . The lalter snails have a larger body and shell mass (Kasigwa 1975) although these parameters may have little bearing on relative speeds. It would be useful to determine dispersion rates as related to the age (= size) of snails, as in some cases of lIelix pomalIa (Hansson 1991). The onset of movements which are of no consequence to snail dispersion i~ also relevant to the population differences. Consider dispersion, expressed here by quadratic means, as the mean linear distance between the release point and the recapture points of a large sample of animals. Suppose the sample has already achieved r, a certain dispersion distance. As long as the animals move along the circumference and maintain the same distance from their release point, their dispersion would register as r, the radius denoting the circumference. Nor can changes in dispersion occur if the animals oscillate on either side of the circumference, I refer to such movements as "ineffective migration' in the sense that they are of no consequence to dispersion. SI1ail!i from the Wazo population attained dispersion plateaux during the period of observation (see 3R and 3D in figures 3 and 4) ; they reached about 4 m on average, after which distance they engaged in ineffective migration. Snails from the University population on the other hand did not show ineffective migration (see 1 R 4R 10 2D 3D
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Direction of dispersion
Snails adopted directional migration, occurring more abundantly in some quadrants from abollt day four following their release. I n the releases on gr'asses the quadrants eventually narrowed into small sectors whereas the releases on shrubs described bigger sectors or the compass. Table 3 is a record of the development ofunidirectionality for IR and 3R, the COIllpass quadrants named clockwise; snails found in each quadrant are indicated as a percentage of the total number ofsnatls recorded on a particular day. In I R the snails dispersed progressively into quadrant 3 (sector radials 185°-235°) whereas in 3 R the snails selecred quadrants I and 2 (sector radials 76(1 -126°). The overall direction of dispersion on the last day of the experiment is represented diagrammatically ill figure 5 . the radii encompassing the dispersing sn(lrls within the sLlbtended angle.
Discussion

Snail dispersion as influenced by plant habit and flora
Reference to 1 R verSl/\' I D (fIgure 4 and TLlbie 2)justities the conclusion that plant habitat exerts considerable effect 011 the jenynsi. Shrub habitats reduce the rates of dispersion because in such vegetation the snails cover long distances three-dimensionally while achieving dispersion, the linear distance between the animal's release and recapture points. Short grasses and herbs, on the other hand. enhance snail dispersion. The effect of flora on snail dispersion is positively related to the edibility of the plant. The snail seeks suitable plant species for nocturnal browsing and then rests on the browsed plant (Kasigwa 1991). Inedible plants tend to be avoided. the snail then proceeding to species stands of dietary appeal. It is considered that the fast rates of dispersion el icited on Markhamia zanzibarica and Bonamia poranoides were manifestations of avoidance behaviour rather than spontaneous migration from a central aggregation. In addition to affecting the rates of dispersion, avoidable flora could alter the direction of dispersion by obstructing a dispersing trend. A corresponding case of positive correlation between vegetation (? food and shelter) and the microhabitat distribution of Cepaea nemorali.v was reported by Chang & Emlen (1993).
The dispersion rates of S. jenynsi, a nearly permanently arboreal snai I, are probably nearer to 2R and 2D than to I R S. Afr .I. Zool. 1999.34(4) and I D. i.e. 1.743 m2/wk or 90.6 ml/year. This is possibly the maximum dispersion rate attainable.
Population and weather factors and the direction of dispersion
Populations differed in the rates of dispersion and in the ultimate distances attained. snails from the University being the faster. The relative slowness of Wazo snails (sugges1.ing reduced intermixture of individuals) might relate to the greater spatial variation in the distribution of morph frequencies which Kasigwa (1975) reported in that region. It would be desirable to release Wazo snails at Wazo Itself during the dry season and at the University during the rainy season. in addition to releasing the snails from the University campus at Wazo during both seasons. The four reciprocal transfers would make comparisons between populations more comprehensive. The transfers were deliberately omitted in this study to avoid the risks of post-transfer mortality and of artificially contam inating the natural popu lations at either region The positive effects of the humid weather on snail dispersion rates possibly arose frolll correspondingly high relative humidity. dunng. which weather the snails remained Llctive and mobile longer A related study has demonstrated that the vertical migration of snaIls regresses negatively on relative humidity (Kasigwa 1999). As an arboreal animal descends from plant heights it tends (from multiplanar) toward~ unipl<t-nar movement. thereby acqlllfing f~lster dispersion rates. On the other hand, it should be noted that heavy showers. through physically pattering on snail bodies and facilitation of surf:lce pools, could block directional dispersion and lead to ineftective migration: release 3R during the heavy rains on days 5-9 may have thus been affected (see Figure 3) . A moderately heavy rain could effect the greatest dispersion rates. Dry weather, through its generally high evaporative potentials. causes the snail to withdraw into stationary quiescence rather than remain actIve for dispersion (Cameron 1970) . The direction of dispersion was generally locality speCific. The source from which the released slllllple had been collected appeared to have no bearing all the direction of dispersion. Snails of 3R. for instance. did not disperse II1to all directions though they had been collected from allover the airfield and released at a central point: instead. they moved into a particular direction irrespective of their sites of origin. Falling rain and prevailing wind are presumably the two major seasonal factors which have localised direction That the cause of directional dispersion was not related to the seasonal factors is suggested by the directional similarity of the dry (I D) and of the rainy (I R) season releases of snails from the University Campus (Figure 5b) . The snails originating from Walo (3D) also orientated southwardly. overlapping the S. Afr. 1. Zoo!. 1999.34(4) 
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other two sectors (Figure 5b) . Moreover, the directions of the releases during the rainy season (I Rand 2R) and the SouthWest Monsoon winds were incongruous, snails gel1erally adopting the compass sectors of I I) and 21), the earlier releases of the dry season. Nor did the dispersions on Wazo shrubs and Wazo grasses suggest directional concordance either with falling rain or with the prevailing wind (see Figures 5c and 5d ). The causes, factors and process of directional dispersion arc sub.jects of a separate investigation (Kasigwa 1999). Some directionality of dispersion is known also for released ('epoeQ }) (!l11oralis (Goodhart 1962) .
Dispersion rates of S. jenynsi and of other snails
The mean dispersIOn rates of 51 ' . len.-vnsi (= 1968; Cowie 1984a Cowie , 1984b . Relatively smaller ~izcd S jcnynsi (ll.0 + 1.5 111m shell diameter) have only a year-long life span and this is 110t subject to the harshnes~ of winter: 111e sllail is active tor longer periods. undel1aking ncither aestIvation nor prolonged quiescence It would take ('. /1(!lI1ol"lI/i" about two years and T piwl7u 2.-1 ye;lr'i to cover the optimulll area (i.c. 22 111~) \\ hich S Ji.'nyw·1 prt:slll11ably rovers in Its twelve 1110nths of life.
Although the rates of dispersal of S JcnY"'1 exceed those of the other snails by a t~1Ctor of t\\ 0, Lhey ar~ nevcrtheless too .";.jen.' vnsi is one where the territories of (and distances between) different populations ,Ire small: the environmental heterogeneity and selection differentials entailed are probably also minimal, within the coefficients which foster effective (de-differentiating) gene I1mv. SOllle limitations of llsing dispersion <;tudics in the estimation of gene 11m\>' (~ee Mallet 1(86) may be inapplicable to the present case of S jenynsi: this is largely because the degree of snail recapture was fairly high, rendering greater S. Afr. J. Zool. 1999,14(4) accuracy to the dispersion variances Second lv, simultaneously hermaphroditIc S /(,I7.1"IISI has llO dcrnogr~phic complications that are posed by gOllochorislll. the <;erarateness of the sexes. It lTlay owe, at least in part, to low magnitudes of snail exchange and gene flow that some neighbouring localities interspaced by just 100 m of shrub discontinUIty sho\.\! heterogene ity in the frequencies of the ir genetic lllorph5J (M Hickson 1972; Pomeroy 1968 : Cowie 1984b . In the Zoology forest ( Figure I) . a dcn~ely Inhabited locality . the mean direct distance to the nearest neigh bour was 64 Clll among juvendes and 70 em in the adu\[s olltside the breeding season (Kaslgwa 1(75), The Jispers!on of mdividuals \.vho are already Interspersed is likely' to be lower than that or aggregated indiViduals. simply becallse the fortner engage more into meffective III igrations (ana logous to random molecular diffusion). In terms of dic;persion (from a relellse point) such behaviour.. however intensive. registers nil Jispersion. The aggregated ind ividuals, on the other hand, tend to disperse outwardly either omnidircctionally (as in resrDllse to high density) or uni-directlonally (such as towards a localized resource). In contrast to aggrcgatrve behavIOUr. therefore . . interspersive behaViour may prove to be a factor retarding snail disperSIon . .
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